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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a pulse output circuit, a shift register and a display 

device. 

2. Description of the Related Art 

In recent years, a display device in which a circuit is formed on an insulating substrate, 
specifically on a glass or plastic substrate, by using thin film transistors (hereinafter referred to 
as TFTs) formed of a semiconductor thin film has been developed. Specifically, development 
of an active matrix display device has been remarkably advanced. The active matrix display 
device formed of TFTs includes hundred thousands to millions of pixels which are arranged in 
matrix, and the TFTs provided in each pixel control the charge of each pixel to display an image. 

Further, polysilicon TFTs which have excellence in electrical properties have been 
developed instead of amorphous TFTs. By using the polysilicon TFTs, a method of forming a 
driver circuit in the periphery of a pixel portion simultaneously with a pixel TFT constituting a 
pixel has been developed as a recent technology. The method makes a significant contribution 
to reduction in size, weight and power consumption of the device, therefore, it is becoming an 
essential technology for forming the display portion of a portable information terminal or the like 
whose application fields are remarkably expanding in recent years. 

In general, a CMOS circuit which is formed with the combination of an N-type TFT and 
a P-type TFT is used for a circuit constituting a driver circuit of the display device. The CMOS 
circuit is characterized in that there is a current flow only when the logic is inverted (from High 
level to Low level or from Low level to High level), and ideally, there is no current flow while 
retaining certain data (practically, there is a small amount of leak current flow). Therefore, the 
CMOS circuit has the advantage of being cable of reducing power consumption considerably in 
the whole circuit and of operating at high speed because the P-type TFT and the N-type TFT 
complement each other 

However, as for the manufacturing step of the CMOS circuit, the number of steps is 
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increased due to the complicated steps of ion doping or the like, and thus, it is difficult to reduce 
the production cost. Consequently, a circuit which is formed of TFTs of a single conductivity 
type, that is, either of N-type TFTs or P-type TFTs, and is capable of operating at as high speed 
as a CMOS circuit has been proposed instead of a conventional circuit formed of a CMOS circuit 
(see Patent Document 1, for example). 

According to a circuit disclosed in Patent Document 1, as shown in FIGS. 2A to 2C, a 
gate electrode of a TFT 205 connected to an output terminal is made temporarily in a floating 
state, and by using capacitive coupling between a gate and source of the TFT 205, the potential 
of the gate electrode can be made higher than a power source potential. As a result, an output 
without amplitude attenuation can be obtained without causing a voltage drop due to a threshold 
voltage of the TFT 205. 

Such operation in the TFT 205 is known as a bootstrap operation. This operation 
facilitates the output of pulse without causing a voltage drop due to a threshold voltage of the 
TFT. 

[Patent Document 1] 

Japanese Patent Laid-Open No. 2002-335153 

With reference to a pulse output circuit shown in FIG 2B, a potential of an output node is 
focused. FIG 2C shows operation timing of a shift register shown in FIG 2A. During a 
period in which no pulse is inputted and outputted, potentials of input terminals 2 and 3 in the 
pulse output circuit shown in FIG 2B are Low level, that is, TFTs 201 to 204 are all turned OFF. 
As a result, gate electrodes of the TFT 205 and a TFT 206 both become in a floating state. 

At this time, either a clock signal CK 1 or a clock signal CK 2 is inputted to an input 
terminal 1, namely a drain region of the TFT 205 which corresponds to a first electrode of the 
TFT 205 (as to source and drain regions of the TFT 205, a lower potential part is referred to as a 
source region and a higher potential part is referred to as a drain region herein). Due to a 
capacitive coupling with the drain region, the potential of the gate electrode of the TFT 205 
which is in a floating state, namely a potential of a node a is varied as noise in accordance with a 
clock signal as shown in FIG 2C with a reference numeral 250. 
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This variation in potential is much smaller as compared with pulses with normal 
amplitude, therefore, it is not so serious when a power source voltage (potential difference 
between VDD and VSS) is sufficiently large. That is, there is few possibility of the 
malfunction of the TFT 205 caused by the variation in potential such as noise. However, the 
TFT 205 is likely to malfunction in the case of adopting a low voltage operation to reduce power 
consumption or the like. 

In view of the foregoing, it is the primary object of the invention to provide a pulse 
output circuit and a shift register which are capable of reducing the noise in a circuit and 
operating more accurately. 

SUMMARY OF THE INVENTION 
To solve the above-described problems, the following measures are taken in the 
invention. 

One of the reasons why the potential is varied as noise during a period in which there is 
no output of pulse is that both the TFTs 205 and 206 are in a floating state and a signal having 
amplitude such as a clock signal is inputted to the drain region of the TFT 205. 

Therefore, according to the invention, a TFT such as the TFT 205 to which is inputted a 
signal having amplitude such as a clock signal is configured so as to be fixed its ON or OFF 
during a period in which there is no output of pulse. 

It is to be noted that in this specification, it is defined that a display device includes a 
liquid crystal display device in which liquid crystal elements are used as pixels and a display 
device in which self-luminous elements such as electro luminescence (EL) elements are used as 
pixels. It is also defined that a driver circuit of the display device is a circuit for inputting an 
image signal into a pixel disposed in the display device to carry out a step of displaying an image 
and includes a pulse output circuit such as shift register and inverter and an amplification circuit 
such as amplifier. 

A pulse output circuit according to the invention comprises: 

first to third input terminals; 

an output terminal; 

a first transistor including a first electrode electrically connected to the first input 
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terminal; 

a second transistor including a first electrode electrically connected to a power source; 

a first amplitude compensation circuit; 

a second amplitude compensation circuit; and 

a capacitance means, 

and in the pulse output circuit according to the invention: 

channel regions of first and second transistors have a same conductivity type; 

each of a second electrode of the first transistor and a second electrode of the second 
transistor is electrically connected to the output terminal; 

the capacitance means is provided between a gate electrode of the first transistor and the 
second electrode of the first transistor; 

the gate electrode of the first transistor is electrically connected to an output terminal of 
the first amplitude compensation circuit; 

a gate electrode of the second transistor is electrically connected to an output terminal of 
the second amplitude compensation circuit; 

the second input terminal is electrically connected to each of a first input terminal of the 
first amplitude compensation circuit and a first input terminal of the second amplitude 
compensation circuit; 

the third input terminal is electrically connected to a second input terminal of the second 
amplitude compensation circuit; and 

the output terminal of the second amplitude compensation circuit is electrically connected 
to a second input terminal of the first amplitude compensation circuit. 

An output circuit according to the invention comprises: 

first to third input terminals; 

an output terminal; 

a first transistor including a first electrode electrically connected to the first input 
terminal; 

a second transistor including a first electrode electrically connected to a power source; 
a first amplitude compensation circuit; 
a second amplitude compensation circuit; 



4 



a capacitance means; and 

a scanning direction switch circuit, 

and in the pulse output circuit according to the invention: 

channel regions of the first and second transistors have a same conductivity type; 

each of a second electrode of the first transistor and a second electrode of the second 
transistor is electrically connected to the output terminal; 

the capacitance means is provided between a gate electrode of the first transistor and the 
second electrode of the first transistor, 

the gate electrode of the first transistor is electrically connected to an output terminal of 
the first amplitude compensation circuit; 

a gate electrode of the second transistor is electrically connected to an output terminal of 
the second amplitude compensation circuit; 

the second input terminal is electrically connected to a first input terminal of the first 
amplitude compensation circuit and to either a first input terminal of the second amplitude 
compensation circuit or a second input terminal of the second amplitude compensation circuit via 
the scanning direction switch circuit; 

the third input terminal is electrically connected to the input terminal of the first 
amplitude compensation circuit and to either the first input terminal of the second amplitude 
compensation circuit or the second input terminal of the second amplitude compensation circuit 
via the scanning direction switch circuit; 

the output terminal of the second amplitude compensation circuit is electrically connected 
to a second input terminal of the first amplitude compensation circuit; 

when the scanning direction switch circuit is in a first state, a signal inputted to the 
second input terminal is inputted to each of the first input terminal of the first amplitude 
compensation circuit and the first input terminal of the second amplitude compensation circuit, 
and a signal inputted to the third input terminal is inputted to the second input terminal of the 
second amplitude compensation circuit; and 

when the scanning direction switch circuit is in a second state, a signal inputted to the 
second input terminal is inputted to the second input terminal of the second amplitude 
compensation circuit, and a signal inputted to the third input terminal is inputted to each of the 
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first input terminal of the first amplitude compensation circuit and the first input terminal of the 
second amplitude compensation circuit. 

A pulse output circuit according to the invention comprises: 

first to fourth input terminals; 

an output terminal; 

a first transistor including a first electrode electrically connected to the first input 
terminal; 

a second transistor including a first electrode electrically connected to a first power 

source; 

a third transistor including a first electrode electrically connected to a second power 

source; 

first and second amplitude compensation circuits; and 
a capacitance means, 

and in the pulse output circuit according to the invention: 

channel regions of all the first, second and third transistors have a same conductivity 

type; 

each of a second electrode of the first transistor and a second electrode of the second 
transistor is electrically connected to the output terminal; 

the capacitance means is provided between a gate electrode of the first transistor and the 
second electrode of the first transistor; 

the gate electrode of the first transistor is electrically connected to an output terminal of 
the first amplitude compensation circuit; 

a gate electrode of the second transistor is electrically connected to an output terminal of 
the second amplitude compensation circuit; 

the second input terminal is electrically connected to each of a first input terminal of the 
first amplitude compensation circuit and a first input terminal of the second amplitude 
compensation circuit; 

the third input terminal is electrically connected to a second input terminal of the second 
amplitude compensation circuit; 

the output terminal of the second amplitude compensation circuit is electrically connected 
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to a second input terminal of the first amplitude compensation circuit. 

the fourth input terminal is electrically connected to a gate electrode of the third 
transistor; and 

a second electrode of the third transistor is electrically connected to the gate electrode of 
the second transistor. 

A pulse output circuit according to the invention comprises: 
first to third input terminals; 
an output terminal; 

a first transistor including a first electrode electrically connected to the first input 
terminal; 

a second transistor including a first electrode electrically connected to a first power 

source; 

a third transistor including a first electrode electrically connected to a second power 
source or a gate electrode thereof; 

a fourth transistor including a first electrode electrically connected to the first power 

source; 

a fifth transistor including a first electrode electrically connected to the second power 

source; 

a sixth transistor including a first electrode electrically connected to the first power 
source; and 

a capacitance means, 

and in the pulse output circuit according to the invention: 

channel regions of all the first to sixth transistors have a same conductivity type; 

each of a second electrode of the first transistor and a second electrode of the second 
transistor is electrically connected to the output terminal; 

the capacitance means is provided between a gate electrode of the first transistor and the 
second electrode of the first transistor; 

each of a second electrode of the third transistor and a second electrode of the fourth 
transistor is electrically connected to the gate electrode of the first transistor; 

each of a second electrode of the fifth transistor and a second electrode of the sixth 
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transistor is electrically connected to a gate electrode of the second transistor and to a gate 
electrode of the fourth transistor; 

each of a gate electrode of the third transistor and a gate electrode of the sixth transistor is 
electrically connected to the second input terminal; and 

a gate electrode of the fifth transistor is electrically connected to the third input terminal. 

The above-mentioned pulse output circuit may comprise a seventh transistor, and the 
seventh transistor may include a gate electrode electrically connected to the second power source 
and be provided between an output electrode of the third transistor and the gate electrode of the 
first transistor. 

The above-mentioned pulse output circuit may comprise: 

a seventh transistor including a first electrode connected to a gate electrode thereof; and 
an eighth transistor including a first electrode electrically connected to the first power 

source, 

and in the pulse output circuit according to the invention: 

the seventh transistor may be provided between the output electrode of the third transistor 
and the gate electrode of the first transistor; and 

a gate electrode of the eighth transistor may be electrically connected to each of the gate 
electrode of the second transistor and the gate electrode of the fourth transistor, and a second 
electrode of the eighth transistor may be electrically connected to the gate electrode of the first 
transistor. 

A pulse output circuit comprises: 

first to third input terminals; 

an output terminal; 

a first transistor including a first electrode electrically connected to the first input 
terminal; 

a second transistor including a first electrode electrically connected to a first power 

source; 

a third transistor including a first electrode electrically connected to a second power 
source or a gate electrode thereof; 

a fourth transistor including a first electrode electrically connected to the first power 



8 



source; 

a fifth transistor including a first electrode electrically connected to the second power 

source; 

a sixth transistor including a first electrode electrically connected to the first power 

source; 

a capacitance means; and 

a scanning direction switch circuit, 

and in the pulse output circuit according to the invention: 

channel regions of all the first to sixth transistors have a same conductivity type; 

each of a second electrode of the first transistor and a second electrode of the second 
transistor is electrically connected to the output terminal; 

the capacitance means is provided between a gate electrode of the first transistor and the 
second electrode of the first transistor; 

each of a second electrode of the third transistor and a second electrode of the fourth 
transistor is electrically connected to the gate electrode of the first transistor; 

each of a second electrode of the fifth transistor and a second electrode of the sixth 
transistor is electrically connected to a gate electrode of the second transistor and to a gate 
electrode of the fourth transistor; 

each of a gate electrode of the third transistor and a gate electrode of the sixth transistor is 
electrically connected to the second input terminal or the third input terminal via the scanning 
direction switch circuit; 

a gate electrode of the fifth transistor is electrically connected to the second input 
terminal or the third input terminal via the scanning direction switch circuit; 

when the scanning direction switch circuit is in a first state, a signal inputted to the 
second input terminal is inputted to each of the gate electrode of the third transistor and the gate 
electrode of the sixth transistor, and a signal inputted to the third input terminal is inputted to the 
gate electrode of the fifth transistor; and 

when the scanning direction switch circuit is in a second state, a signal inputted to the 
second input terminal is inputted to the gate electrode of the fifth transistor, and a signal inputted 
to the third input terminal is inputted to each of the gate electrode of the third transistor and the 
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gate electrode of the sixth transistor. 

The above-mentioned pulse output circuit may comprise a seventh transistor, and the 
seventh transistor may include a gate electrode electrically connected to the second power source 
and be provided between the output electrode of the third transistor and the gate electrode of the 
first transistor. 

The above-mentioned pulse output circuit may comprise: 

a seventh transistor including a first electrode connected to a gate electrode thereof; and 
an eighth transistor including a first electrode electrically connected to the first power 

source, 

and in the pulse output circuit according to the invention: 

the seventh transistor may be provided between an output electrode of the third transistor 
and the gate electrode of the first transistor; and 

a gate electrode of the eighth transistor may be electrically connected to each of the gate 
electrode of the second transistor and the gate electrode of the fourth transistor, and a second 
electrode of the eighth transistor may be electrically connected to the gate electrode of the first 
transistor. 

A pulse output circuit according to the invention comprises: 
first to fourth input terminals; 
an output terminal; 

a first transistor including a first electrode electrically connected to the first input 
terminal; 

a second transistor including a first electrode electrically connected to a first power 

source; 

a third transistor including a first electrode electrically connected to a second power 
source or a gate electrode thereof; 

a fourth transistor including a first electrode electrically connected to the first power 

source; 

a fifth transistor including a first electrode electrically connected to the second power 

source; 

a sixth transistor including a first electrode electrically connected to the first power 
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source; 

a seventh transistor including a first electrode electrically connected to the second power 
source; and 

a capacitance means, 

and in the pulse output circuit according to the invention: 

channel regions of all the first to seventh transistors have a same conductivity type; 

each of a second electrode of the first transistor and a second electrode of the second 
transistor is electrically connected to the output terminal; 

the capacitance means is provided between a gate electrode of the first transistor and the 
second electrode of the first transistor; 

each of a second electrode of the third transistor and a second electrode of the fourth 
transistor is electrically connected to the gate electrode of the first transistor; 

each of a second electrode of the fifth transistor, a second electrode of the sixth transistor 
and a second electrode of the seventh transistor is electrically connected to a gate electrode of the 
second transistor and to a gate electrode of the fourth transistor; 

each of a gate electrode of the third transistor and a gate electrode of the sixth transistor is 
electrically connected to the second input terminal; 

a gate electrode of the fifth transistor is electrically connected to the third input terminal; 

and 

a gate electrode of the seventh transistor is electrically connected to the fourth input 
terminal. 

The above-mentioned pulse output circuit may comprise an eighth transistor, and the 
eighth transistor may include a gate electrode electrically connected to the second power source 
and be provided between an output electrode of the third transistor and the gate electrode of the 
first transistor. 

The above-mentioned pulse output circuit may comprise: 

an eighth transistor including a gate electrode electrically connected to a first electrode 
thereof; and 

a ninth transistor including a first electrode electrically connected to the first power 

source, 
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and in the pulse output circuit according to the invention: 

the eighth transistor may be provided between the output electrode of the third transistor 
and the gate electrode of the first transistor; and 

a gate electrode of the ninth transistor may be electrically connected to each of the gate 
electrode of the second transistor and the gate electrode of the fourth transistor, and a second 
electrode of the ninth transistor may be electrically connected to the gate electrode of the first 
transistor. 

According to the invention, a capacitance between the gate electrode and the second 
electrode of the first transistor may be used as the capacitance means. 

According to the invention, a capacitance formed of first and second films each 
comprising either one of an active layer material, a gate electrode material and a wiring material, 
and of an insulating film provided between the first and second films may be used as the 
capacitance means. 

A shift register is provided for example by using a plurality of stages of a pulse output 
circuit of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A to 1C are diagrams showing an embodiment mode of the invention. 

FIGS. 2A to 2C are diagrams showing a configuration of a conventional shift register and 
a pulse output circuit formed of TFTs of a single conductivity type. 

FIGS. 3A and 3B are diagrams showing an embodiment of the invention. 

FIGS. 4Ato 4C are diagrams showing an embodiment of the invention. 

FIGS. 5A to 5G are views showing examples of electronic equipment to which the 
invention can be applied. 

FIGS. 6A to 6D are diagrams showing stresses which occur in operating TFTs in a pulse 
output circuit of the invention. 

FIGS. 7A to 7C are diagrams showing an embodiment of the invention in which a 
configuration to reduce stresses is additionally provided. 

FIGS. 8A to 8C are diagrams showing an embodiment of the invention in which a 
configuration to reduce stresses is additionally provided. 
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FIGS. 9A to 9C are diagrams showing ah embodiment of the invention in which a 
configuration to reduce stresses is additionally provided. 

FIGS. 10A to 10D are diagrams showing an embodiment of the invention in which a 
configuration to reduce stresses is additionally provided. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[Embodiment Mode] 

FIG 1A shows a shift register which includes a plurality of stages of a pulse output 
circuit 100 of the invention. The shift register is controlled by a first clock signal CK 1, a 
second clock signal CK 2 and a start pulse SP. A configuration of the pulse output circuit 100 is 
shown in FIG IB. The pulse output circuit 100 includes TFTs 101 to 106 and a capacitance 
means 107. A part enclosed by a dotted line frame 110 corresponds to a first amplitude 
compensation circuit which includes the TFTs 101 and 102, and a part enclosed by a dotted line 
frame 120 corresponds to a second amplitude compensation circuit which includes the TFTs 103 
and 104. The capacitance means 107 is provided between a gate and source of the TFT 105. 
The TFT 102 is connected and operates differently from that of a conventional configuration 
described in Patent Document 1. 

The operation will be explained. First, the CK 1, CK 2 and SP are inputted to the pulse 
output circuit 100 as shown in FIG 1C. The amplitude of the CK 1, CK 2 and SP is herein 
defined to be VDD at High level and VSS at Low level (it is assumed here that VSS = 0 for 
simplicity). The TFTs 101 and 104 are turned On when the SP is at High level, and then a 
potential of the gate electrode of the TFT 105, namely a potential of a node a is raised and 
potentials of gate electrodes of the TFTs 102 and 106 are dropped. A potential of a gate 
electrode of the TFT 103 is at Low level at this time and the TFT 103 is turned OFF. 

The potentials of the gate electrodes of the TFTs 102 and 106 are dropped to VSS and 
thus the TFTs 102 and 106 are turned OFF. On the other hand, the TFT 101 is turned OFF 
when the potential of the node a is equal to (VDD - VthN) (VthN is herein defined to be a 
threshold voltage of the TFTs 101 to 106), and then the node a becomes in a floating state. 
Subsequently, the SP becomes at Low level and the TFTs 101 and 104 are turned OFF. 

With respect to the TFT 105, the potential of the gate electrode of the TFT 105 is equal to 
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(VDD - VthN) at this time. In the case where the voltage between the gate and source of the 
TFT 105 is higher than the threshold voltage here, namely (VDD - TthN - Vss) > VthN, the TFT 
105 is turned ON. 

Then, a potential of an input terminal 1 connected to a drain region of the TFT 105, 
namely a potential of the CK 1 is raised. Since the TFT 105 is ON, a current flows between the 
source and drain of the TFT 105, and a potential of an output node (SROut 1), namely a potential 
of the source region of the TFT 105 starts to be raised. The gate and source of the TFT 105 are 
capacitively coupled by using the capacitance means 107, therefore, the potential of the gate 
electrode of the TFT 105, which is in a floating state due to the rise of the potential of the output 
node (SROut 1), starts to be raised again. In the end, the potential of the gate electrode of the 
TFT 105 becomes higher than (VDD + VthN) and the potential of the output node (SROut 1) 
reaches equal to VDD. The above is an operation for one stage, and a pulse is similarly 
outputted at a subsequent stage or latter (SROut 2, SROut 3). 

That is, according to the amplitude compensation circuit including the TFTs 101 to 104, a 
potential of the gate electrode of the TFT 101 is temporarily in a floating state when a pulse is 
outputted to an output terminal. Therefore, by the use of the capacitive coupling, the potential 
higher than a power source VDD can be realized and an output pulse without amplitude 
attenuation can be obtained. The configuration is not particularly limited to this and any 
configuration can be freely used as long as a gate electrode of a TFT connected to an output 
terminal can be made in a floating state by some sort of control pulse. 

With respect to the SROut 1, the CK 1 is changed from High level to Low level after a 
pulse is outputted. In accordance with this change, the potential of the SROut 1 starts to be 
dropped. On the other hand, the same operation as the above is conducted at the second stage 
at the timing where the CK 2 becomes at High level, and then a pulse is outputted to an SROut 2. 
This pulse is inputted to an input terminal 3 at the first stage and the TFT 103 is thus turned ON. 
Accordingly, the potentials of the gate electrodes of the TFTs 102 and 106 are raised and the 
TFTs 102 and 106 are thus turned ON. In accordance with this, the potential of the gate 
electrode of the TFT 105 and the potential of the SROut 1 are dropped. Then, the TFT 103 is 
turned OFF when the output of the SROut 2 is changed from High level to Low level. The 
TFTs 102 and 106 become thus in a floating state at this time, and the state is continued at the 
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first stage until the next SP is inputted. 

In a conventional pulse output circuit, the gate electrode of the TFT 105 was in a floating 
state during a period in which there was no output of pulse. Meanwhile, according to this 
embodiment mode, the gate electrodes of the TFTs 102 and 106 are in a floating state during a 
period in which there is no output of pulse. Note that, both of the TFT 102 and the TFT 106 are 
in a floating state while being turned ON, therefore, the potential of the gate electrode of the TFT 
105 and the potential of the output node (SROut 1) are determined to be at Low level via the 
TFTs 102 and 106. Particularly, the TFT 105 including the drain region to which the CK 1 is 
inputted is determined to be in an OFF state, thus the noise which was a problem in the 
conventional pulse output circuit is not generated at the gate electrode thereof, namely the node 

Accordingly, the potential of the node a is relatively free from the clock signal influence 
as compared with the conventional pulse output circuit as shown in FIG 1C. As a result, the 
circuit operation can be made more stable and the operation at a lower voltage can be expected. 
[Embodiment] 

Embodiments of the invention will be described hereinafter. 
[Embodiment 1] 

FIGS. 3A and 3B show an example of the shift register described in the embodiment 
mode, which is additionally provided with a scanning direction switch function. In FIG 3A, 
input terminals of scanning direction switch signal L/R and of scanning direction switch back 
signal L/Rb are added to the shift register shown in FIG 1A. 

FIG 3B shows a configuration of one stage of a pulse output circuit 300 in FIG 3A. A 
main body of the pulse output circuit has the same configuration as that of FIG IB shown in the 
embodiment mode, while a scanning direction switch circuit 330 is additionally provided 
between the input signal terminals 2 and 3 and the main body of the pulse output circuit. The 
scanning direction switch circuit 330 includes TFTs 311 to 314. 

As shown in FIG 3B, gate electrodes of the TFTs 301 and 304 are connected to the input 
terminal 2 via the TFT 311 and to the input terminal 3 via the TFT 312. A gate electrode of the 
TFT 303 is connected to the input terminal 2 via the TFT 313 and to the input terminal 3 via the 
TFT 314. A scanning direction switch signal L/R is inputted to gate electrodes of the TFTs 311 
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and 314, and a scanning direction switch signal L/Rb is inputted to gate electrodes of the TFTs 
312 and 313. The L/R and L/Rb are switched exclusively between High level and Low level, 
and thus, the scanning direction switch circuit in this embodiment is at the following two states. 

First, the TFTs 311 and 314 is turned ON and the TFTs 312 and 313 are turned OFF when 
the L/R is at High level and the L/Rb is at Low level. Accordingly, a signal is inputted to the 
gate electrodes of the TFTs 301 and 304 from the input terminal 2 and to the gate electrode of the 
TFT 303 from the input terminal 3. 

Second, the TFTs 312 and 313 are turned ON and the TFTs 311 and 314 are turned OFF 
when the L/R is at Low level and URb is at High level. Accordingly, a signal is inputted to the 
gate electrodes of the TFTs 301 and 304 from the input terminal 3 and to the gate electrode of the 
TFT 303 from the input terminal 2. 

That is, all that is required for the scanning direction switch circuit used herein is that a 
pulse at the preceding stage is inputted to one of the input terminals 2 and 3, a pulse at the 
subsequent stage is inputted to the other, and these operations can be selected arbitrarily by the 
external control. Although the scanning direction switch circuit is configured with the four 
TFTs 311 to 314 here, the configuration is just an example and is not limited to this. 

That is, a pulse is outputted in order of the first stage, the second stage, ... and the final 
stage when the scanning direction switch circuit is in a first state, to the contrary, a pulse is 
outputted in order of the final stage, the second stage and the first stage when the scanning 
direction switch circuit is in a second state. According to the invention, such functions can be 
easily provided by additionally providing a simple circuit. In this embodiment, a circuit 
includes the N-type TFTs, however, it is also possible to form a circuit by using the P-type TFTs. 
In the latter case, needless to say, the relations between High level and Low level of the signal 
and between ON and OFF of the TFT are contrary to these of this embodiment. 

The scanning direction switch circuit shown in this embodiment is just an example. 
Similar functions may be added by the use of other configurations. 
[Embodiment 2] 

Explanation will be made on an example of the shift register described in the 
embodiment mode, which is additionally provided with an initialization signal (INI) as shown in 
F1G4A. 
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As shown in FIG 4B, an initialization signal (INI) is inputted to a gate electrode of a TFT 
411 added herein. When the TFT 411 is turned ON, a potential of a gate electrode of a TFT 406 
is raised and the TFT 406 is turned ON, and thus, a potential of an output node is fixed at VSS. 

Potentials of the output nodes can be fixed as VSS at all the stages by performing such 
initialization before the circuit starts to output a sampling pulse, that is, just after the power 
source is turned on, or during a fly-back period 460 provided in a part of a line period 450 as 
shown in FIG 4C. In the case of employing a dynamic circuit as shown in the invention 
(circuit in which at least one node is in a floating state while operating), such initialization of the 
node or the like is effective for realizing operation as stable as a static circuit and noise 
immunity. 
[Embodiment3] 

Focused here are states of the TFTs 101, 102, 105, and 106 during a period in which the 
pulse output circuit described in the embodiment mode operates (see FIG 6A). 

FIG 6B shows a state of each node when a pulse is outputted from the (k-l)th stage of 
the pulse output circuit and subsequently, a pulse is outputted from the kth stage of the pulse 
output circuit. Focused here is a period in which a bootstrap operation is conducted in 
accordance with a rising potential of an output node (SROutk) during a period enclosed by a 
dotted line frame 601, namely at the kth stage. 

As explained in the embodiment mode, the TFT 101 is turned ON and the potential of the 
node a is raised to (VDD - VthN) when a pulse at the preceding stage (the (k-l)th stage here) is 
outputted and inputted to the input terminal 2 at the kth stage (see FIG 6C). In such a state, the 
voltage between the gate and source of the TFT 101 becomes lower than the threshold voltage, 
thereby turning OFF the TFT 101. As a result, the node a becomes in a floating state while 
maintaining the potential thereof equal to (VDD - VthN). 

Since the potential of the node a is less than VDD at this time, a side connected to the 
node a is a source region and the other side connected to a power source VDD is a drain region 
in the TFT 101. 

Subsequently, when a clock signal (CK 1) is changed from Low level to High level, the 
gate and source of the TFT 105 are capacitively coupled and the potential of the node a is further 
raised from (VDD - VthN). The potential of the node a is then raised to be higher than (VDD 



17 



+ VthN) at this time (the potential is denoted as (VDD - VthN + AV) here), therefore, the 
potential of an output terminal is certainly raised to VDD without causing a voltage drop (see 
FIG 6D). 

At this time, the potential of the node a is higher than VDD, therefore, a side connected 
to the node a is a drain region and the other side connected to a power source VDD is a drain 
region in the TFT 101. 

In the TFT 101, the voltage between the gate and source is |VthN| and the voltage 
between the gate and drain is 0 in a state shown in FIG 6C. Meanwhile, the voltage between 
the gate and drain is | VSS - (VDD - VthN + AV) | and the voltage between the gate and source 
is | VSS - VDD | in a state shown in FIG 6D. Accordingly, at the moment when a pulse is 
outputted to the output terminal in the TFT 101, the state shown in FIG 6C is changed to that 
shown in FIG 6D and a large negative value of bias voltage is applied both between the gate and 
source and between the gate and drain. Therefore, a large stress is applied and may cause 
degradation. 

In order to overcome the above, the way of connecting the TFT 101 is changed as shown 
in FIG 7A. While one of the source region and the drain region of the TFT 101 is connected to 
the power source VDD and the other is connected to the node a in the embodiment mode, the 
region connected to the power source VDD is connected to the gate electrode of the TFT 101, 
namely to the input terminal 2 in this embodiment. 

Explanation is made on a state of the TFT 101 in the case where the same operation as 
the above is conducted with this configuration. A state shown in FIG 7B corresponds to the 
state shown in FIG 6B and a state shown in FIG 7C corresponds to the state shown in FIG 6D. 
In FIG 7B, the voltage between the gate and source of the TFT 101 is equal to | VthN | and the 
voltage between the gate and drain is always 0 because a node is connected. The voltage 
between the gate and source of the TFT 101 is changed to | VSS - (VDD - VthN + AV) | in FIG 
7C, however, the voltage between the gate and drain remains 0. 

Accordingly, a large negative value of bias voltage is not applied between the gate and 
drain unlike the configuration shown in the embodiment mode, thus the degradation of the TFT 
101 due to stresses can be suppressed. 

Further, another configuration for suppressing degradation due to a negative bias voltage 
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applied to the TFT 101 is shown in FIG 8A. In this configuration, a TFT 801 including a gate 
electrode connected to a power source VDD is provided between the TFTs 101 and 102. 

Explanation is made on the case in which the same operation as the above is conducted 
with this configuration. A state shown in FIG 8B corresponds to the state shown in FIG 7B 
and a state shown in FIG 8C corresponds to the state shown in FIG 7C. In FIG 8B, the voltage 
between the gate and source of the TFT 101 is equal to | VthN | and the voltage between the gate 
and drain of the TFT 101 is always 0 because a node is connected. Since a potential of a gate 
electrode of the TFT 801 is equal to VDD, voltage drop is not caused between the source and 
drain in the TFT. That is, the potential of the node a is equal to (VDD - VthN). 

Subsequently, in the state shown in FIG 8C, the potential of the node a is raised to (VDD 
- VthN + AV). However, as the TFT 801 is provided here, the potential of the source region of 
the TFT 101 is not raised to more than (VDD - VthN). That is, as compared with the state 
shown in FIG 7C, the negative value of bias voltage applied between the gate and source is 
smaller. In the TFT 801, the potential of the source region and the drain region is respectively 
equal to (VDD - VthN) and (VDD - VthN + AV), and the potential of the gate electrode is not 
changed and remains VDD. Therefore, the negative value of bias voltage in the TFT 801 is 
small. 

As a result, the negative value of bias voltage applied between the gate and source of the 
TFT can be made smaller as compared with the configuration shown in FIGS. 7A to 7C, thus the 
degradation of the TFT 101 caused by stresses can be further suppressed. 

The TFT 801 provided in FIG 8A may be provided between the source region of the TFT 
101 and the gate electrode of the TFT 105, namely the node a as shown in FIG 9A with a TFT 
901. By using this configuration, the same effect can be realized as shown in FIGS. 9B and 9C. 

Further, as shown in FIG 10A, a gate electrode and a drain electrode of the TFT 901 may 
be connected to each other to obtain a configuration having rectifying properties as a diode. In 
this configuration, the potential of the source region of the TFT 101 remains equal to (VDD - 
VthN) as shown in FIGS. 10B and 10C and a large negative value of bias voltage is not applied. 

However, there is no current flow from a source region to a drain region of the TFT 901 
when a pulse at the subsequent stage is outputted and a pulse at the relevant stage is changed 
from High level to Low level, and thus the TFT 102 is turned ON and the potential of the source 
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region of the TFT 101 becomes equal to VSS. Therefore, there is no path to release charge 
accumulated at the node a. To overcome this, a TFT 1001 is additionally provided here, which 
is turned ON to drop the potential of the node a when a pulse at the subsequent stage is 
outputted. 
[Embodiment 4] 

According to the configurations shown in the embodiment mode and Embodiments 1 and 
2, all the circuits are configured only with the N-type TFTs. However, in terms of using TFTs 
of a single conductivity type, a similar circuit may be configured only with the P-type TFTs. In 
the latter case, although not shown in figures, the circuit can be configured by using the TFTs 
connected in the same manner and by inverting the high potential and the low potential of the 
power source. Similarly, High level and Low level of signals to be inputted are all inverted. 
[Embodiment 5] 

The invention can be applied in manufacturing a display device used for various kinds of 
electronic equipment. Such electronic equipment includes a portable information terminal 
(electronic notebook, mobile computer and the like), a video camera, a digital camera, a personal 
computer, a television, a portable phone and the like. Examples thereof are shown in FIGS. 5A 
to5G 

FIG 5A shows a liquid crystal display (LCD) including a housing 3001, a holding stand 
3002, a display portion 3003 and the like. The invention can be applied to the display portion 
3003. 

FIG 5B shows a video camera including a main body 3011, a display portion 3012, a 
sound input portion 3013, operation switches 3014, a battery 3015, an image receiving portion 
3016 and the like. The invention can be applied to the display portion 3012. 

FIG 5C shows a notebook type personal computer including a main body 3021, a 
housing 3022, a display portion 3023, a keyboard 3024 and the like. The invention can be 
applied to the display portion 3023. 

FIG 5D shows a portable information terminal including a main body 3031, a stylus 
3032, a display portion 3033, operation buttons 3034, an external interface 3035 and the like. 
The invention can be applied to the display portion 3033. 

FIG 5E shows an acoustic playback machine, specifically an audio apparatus mounted on 
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an automobile, which includes a main body 3041, a display portion 3042, operation switches 
3043 and 3044 and the like. The invention can be applied to the display portion 3042. 
Although an audio apparatus mounted on an automobile is shown as an example in this 
embodiment, the invention may be used in a portable or domestic audio machine. 

FIG 5F shows a digital camera including a main body 3051, a display portion (A) 3052, 
an eyepiece portion 3053, operation switches 3054, a display portion (B) 3055, a battery 3056 
and the like. The invention can be applied to the display portion (A) 3052 and the display 
portion (B) 3055. 

FIG 5G shows a portable phone including a main body 3061, a sound output portion 
3062, a sound input portion 3063, a display portion 3064, operation switches 3065, an antenna 
3066 and the like. The invention can be applied to the display portion 3064. 

It should be noted that the examples shown in this embodiment are only a part and the 
use of the invention is not limited to the above. 

According to the invention, a driver circuit and a pixel portion of a display device can be 
configured with TFTs of a single conductivity type. Further, steps for manufacturing the 
display device can be reduced and this contributes to the reduction of cost and the improvement 
of yield, so that it is possible to provide the display device at a lower price. 
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